We investigated the effects of glucose and root exudates in combination with different nitrogen (N) forms on the spore germination rate and hyphal growth of the arbuscular mycorrhizal (AM) fungus Rhizophagus intraradices. Spores were cultured for 20 days at 26 °C in agar medium containing either glucose or root exudates at different concentrations. Nitrogen was supplied in the form of 4 mM NaNO 3 , 4 mM NH 4 Cl, 4 mM NH 4 NO 3 or 2 mM urea. Three different controls without added N were used: deionized water, glucose, and root exudates. After 20 days, Glucose concentrations of 10, 25, 40 and 50 g L -1 inhibited the spore germination; however, when the concentration of glucose was 5 g L -1 , the mean hyphal length was longer than that in the control. Glucose plus different forms of N sources also has no positive effect on the germination as well as hyphal growth. The addition of root exudates significantly improved both the spore germination rate and hyphal lengths in all four media (root exudates +4 mmol NaNO 3 , root exudates +4 mmol NH 4 Cl, root exudates +4 mmol NH 4 NO 3 and root exudates +2 mmol urea). After incubation for 20 days, the highest spore germination rates (80.33%) were detected in the root exudate + urea medium, while that in the root exudate + NaNO 3 medium was lower than in the control. In all these four media, hyphal growth was initially rapid and slowed in the later stages of incubation. Finally, the greatest hyphal length (15. 15 mm spores -1 was observed in the root exudate + NH 4 NO 3 medium, while the lowest was observed in the exudate + NaNO 3 medium.
Introduction
Arbuscular mycorrhizal (AM) symbiosis is an association between obligate biotrophic fungi and more than 80% of land plants; these fungi represent the largest component of the soil fungal community (Gosling, 2006) . Endophytes promote the growth of plants in various ways similar to rhizosphere bacteria (Etesami et al., 2014) .The beneficial roles that AM fungi play in agricultural production are well known these fungi contribute to plant health by improving plant nutrition, and in most instances, plant resistance against pathogen attacks (St.-Arnaud et al., 1995; Gianinazzi-Pearson et al., 1996) . Effect of glucose, root exudates and N forms in mycorrhizal symbiosis using They also play an important role in the modulation of plant resistance to water and salt stress (Miransari et al., 2008) , acidity and phytotoxic levels of Al in the soil environment (Alex Seguel et al., 2013) ; and in improving soil structure through the exudation of glomalin (Wu et al., 2008) . Some plants colonized with AMF can be more appropriate to decontaminate As-contaminated water than soils (Caporale A.G. et al., 2014) . Dormant AM fungal spores are not only adapted to adverse environments but are also the most effective means of colonization. The colonization ratio of AM fungi is largely correlated with spore germination.
Spore germination is the precondition of symbiosis with plants. During the pre-symbiotic phase, many factors, such as a rhizosphere environment, high flavonoid content, presence of soil microorganisms and plant cell suspension culture, can induce spore germination and promote hyphal growth without a host (Gianinazzi-Pearson et al.,, 1989; Graham et al.,, 1982) . In addition, root exudates can increase the length and degree of branching of AM fungi hyphae (Tamasloukht et al., 2003) and play an important role in plant-microbe interactions in the rhizosphere (Karin Hage-Ahmed et al., 2013) . Some studies also suggest that root exudates or host extracts can stimulate spore germination, but some literature has indicated negative or inconsequential effects (Beilby et al., 1982; Hepper et al., 1983; Bécard et al., 1988) .
Research has revealed the influence of different forms of N on AM growth in whole plant system, (Hawkins et al., 2001; Azcón et al., 1996; Cuenca et al., 1994) .
Further, AM fungal spores can absorb glucose as a source of C from the environment (Bago et al., 1999; Bücking et al., 2008) .
There have been several reports on the effects of glucose, nitrogen sources and root exudates on amino acids metabolism in vitro spore germination of AM fungi (Gachomo et al. 2009; Jin et al., 2011) . The availability of exogenous inorganic N (ammonium and nitrate) and organic N (urea, arginine, and glutamine) to the AM fungal spores using only CO 2 for germination generated more than 5 times more internal free amino acids than those in the absence of exogenous N. A supply of exogenous nitrate to the AM fungal spores with only CO 2 gave rise to more than 10 times more asparagine than that without exogenous N. In contrast, the extra supply of exogenous glucose to the AM fungal spores generated a significant enhancement in the uptake of exogenous N sources, with more than 3 times more free amino acids being produced than those supplied with only exogenous CO 2 . Meanwhile, arginine was the most abundant free amino acid produced and it was incorporated into the (Fortin et al., 2002) . On the basis of previous research, we conducted in vitro culture of isolated AM spores to study these effects. et al.(1988) .Spores were isolated by the wetsieving technique (Gerdemann & Nicolson, 1963 weeks. Thereafter, they were cleaned with sterilized deionized water twice, and then incubated at 24 o C, in sterilized temperature degree deionized water for one week. Finally, root exudates were collected and stored at -20 °C.
Materials and Methods

Spores and root exudates preparation
Spore germination in the presence of glucose or root exudates, together with different forms of N
Three factors were considered. Glucose concentration, root exudates concentration and Newman's technique (Newman, 1966) .
Data analysis
Data were processed with an analysis of a repeatedmeasures ANOVA, and means were compared using Duncan's multi range test using Sigma Stat software. A significance level of 0.05 was used, unless stated otherwise.
Results
When glucose was present in the medium (at any concentration), all the spore germination rates after 20 days were lower than or not significantly different from those in the control. Glu means glucose (g L -1 ), A means Germination rate (%), B means Hyphal length (mm/spore), CK1 means no glucose, nor nitrate, nor exudates, only 0.8% water agar contained. Means followed by the same letter in a column are not significantly different (P < 0.05). Hyphal growth was observed to increase in response to increasing germination time in A, B, C, and D media. However, the greatest hyphal length (9.33 mm spores -1) was observed only in medium C; no significant differences were detected among the others. Although hyphal growth in medium B was rapid during the first ten days, very little subsequent growth was observed. 
Discussion
Spores of AM fungi are generally capable of spontaneous germination provided certain physical and physiological conditions are fulfilled (Smith et al., 2008) . Rhizophagus intraradices is frequently used in spore germination experiments because of these characteristics as well as its strong adaptability, small volume, thin cell walls, and sensitivity to the environment. When glucose levels were increased from 5 to 50 g L -1
, the spore germination rates correspondingly decreased. One possible explanation is that spores of R. intraradices may be quite sensitive to high concentrations of glucose, which may interfere with the ability of the hyphae to absorb external nutrients, but the mechanism is unclear.
However, when the concentration of glucose was 5 g L -1 , the mean hyphal length was longer than that in the control. Some studies have reported that AM fungal spores can absorb acetic acid, glucose, fructose Effect of glucose, root exudates and N forms in mycorrhizal symbiosis using and CO 2 from the environment as carbon sources (Bago et al., 1999; Becard et al., 1988; Bücking et al., 2008) . exudates is correlated with their stimulatory effects on the growth of AM fungi (Elias et al., 1987 is more likely to be used by AM fungi (Hawkins et al., 2000; Toussaint et al., 2004) . This may explain why differences in hyphal length were detected among media F (root exudate + NH 4 Cl), G (root exudate + NH 4 NO 3 ), and H (root exudate + urea) at the final stage of incubation.
Conclusion
Spore germination of AM fungi is the prerequisite for successful symbiosis, thus, the external factors (glucose, root exudates, N sources) that affect the germination of AM fungi were explored. Root exudates were better than glucose at promoting spore germination, and exhibited interactions with certain forms of N to increase the spore germination rate and hyphal length. 
